The sill and pillow complex cored on Deep Sea Drilling Project Leg 61 (Site 462) is divided into two groups, A and B types, on the basis of chemical composition and volcanostratigraphy. The A-type basalt is characterized by a higher FeOVMgO ratio and abundant TiO 2 , whereas the B-type basalt is characterized by a lower FeOVMgO ratio and scarcity of TiO 2 . The A type is composed of sills interbedded with hyaloclastic sediments, and the B type consists of basalt sills and pillow basalt with minor amounts of sediment. However, the structure of pillow basalts in the B type is atypical; they might be eruptive. From paleontological study of the interbedded sediments and radiometric age determination of the basalt, the volcanic event of A type is assumed to be Cenomanian to Aptian, and that of B type somewhat older. The oceanic crust in the Nauru Basin was assumed to be Oxfordian, based on the Mesozoic magnetic anomaly. Consequently, two events of intraplate volcanism are recognized. It is thus assumed that the sill-pillow complex did not come from a normal oceanic ridge, and that normal oceanic basement could therefore underlie the complex.
INTRODUCTION
Holes 462 and 462A, drilled on DSDP Leg 61, penetrated about 560 meters of turbiditic and volcanic sediments before a sill-pillow complex was reached. Total penetration of Holes 462 and 462A was 617 and 1068.5 meters, respectively. Both holes were abandoned before reaching ocean-ridge tholeiite formed at the normal oceanic ridge. The petrology of these volcaniclastic silts and sands is described in other sections of this volume. The oldest sediment interbedded with the sill-pillow complex is Barremian. The underlying oceanic crust at Site 462 in the Nauru Basin was assumed to be 148 m.y. old (Oxfordian), based on the Mesozoic magnetic anomaly (Cande et al., 1978) . The lithological sequence of the sill-pillow complex is quite different from that formed at oceanic ridges. Also, chemical compositions of this complex are slightly different from ocean-ridge tholeiite. The main body of this report deals with the geological setting, chemical composition, mineralogy, and petrology of the sill-pillow complex cored at Site 462, in the Nauru Basin.
GEOLOGICAL SETTING
Site 462 is located at 7° 14.50'N, 165°01.90'E, in the Nauru Basin. Drilling here penetrated a mid-Cretaceous Initial Reports of the Deep Sea Drilling Project, Volume 61. volcanic complex more than 500 meters thick that presumably overlies a volcanic basement of Late Jurassic age (M-26) . This complex represents a voluminous, nonedifice-building, off-ridge outpouring of magma, chemically different from mid-oceanic ridge tholeiite.
Three acoustic layers can be identified, based on the seismic records in the vicinity of Site 462 (Voyages of Kana Keoki, 1977; Hakurei Maru, 1977; and Glomar Challenger, 1978) . The first layer, with a thickness of 0.46 sec two-way reflection time, is characterized by many higher-frequency sets of stratified reflectors. However, they become transparent near the bottom of this layer. The layer proved to be Cenozoic turbidite deposits. The second layer, with a thickness of 0.15 sec two-way reflection time, is characterized by slightly higher-frequency sets of stratified reflectors. The top of the layer correlates with chert beds in the middle Eocene. The main part of this layer consists of Late Cretaceous turbidite deposits. The third layer is characterized by low-frequency sets of smooth reflectors. The layer consists of a sill-pillow complex, interbedded with sediment. The lower boundary of the layer is unclear, but the thickness of the layer may have more than a 0.4-sec two-way reflection time, and an estimated thickness of more than 700 meters. The layer cannot be correlated with Oceanic Layer 2, because the volcanic rocks from the layer are significantly different from ocean-ridge tholeiite, and these volcanics are mainly intrusive into sediments. Therefore, normal oceanic basement underlies the third layer as deduced from the magnetic survey. The seafloor in the Nauru Basin is 1 km shallower than predicted for a cooling slab of this age (Sclater and Francheteau, 1970) . The anomalous shallower depth of the Nauru Basin might be caused by the thicker third layer. The low-frequency reflectors are assumed to be widespread over the Nauru Basin, with a maximum diameter and average thickness more than 500 km and 500 m, respectively. Although the dimensions of this distribution are smaller than those of the anomalously shallow Caribbean sea floor (Burke et al., 1978) , the Nauru Basin is a kind of anomalously shallow ocean floor, in view either of the acoustic nature (Talwani et al., 1977) and the thick pile of the sill-pillow complex interbedded with sediment (Worzel, Bryant, et al., 1973) in the Caribbean. On the other hand, the estimated total volume of the volcanics from the Nauru Basin is almost identical to that of plateau basalt (Deccan Plateau area 500,000 km 2 , maximum thickness 2 km; Subramanian and Sahasrabudhe, 1964) and concordant injection (Karroo dolerite distribution area 572,000 km 2 , average thickness 600-1000 m; Walker and Poldervaart, 1949) .
STRATIGRAPHY AND LITHOLOGY OF THE SILL-PILLOW COMPLEX
Hole 462A reached basalt flow, in Core 14, Section 2 at a depth of 564 meters below the volcanic sediment. A further 504.5 meters of section which consists of about 58 meters (11.5%) of hyaloclastic sediments, 110 meters (21.8%) of pillow basalts, and 336.5 meters (66.7%) of basalt sills, has been drilled. Recovery of sediment and the sill-pillow complex averaged about 56%. Thirtyeight intrusives and six extrusives were tentatively identified, based on differences in any one or a combination of physical, textural, or lithologic attributes (see Site Summary, this volume).
The intrusive unit is divided into two groups: single basalt sills and multiple basalt sills. The single sills have been recognized by the following characteristics: (1) glassy margins or fine-grained marginal zone with subhorizontal attitude, and (2) orderly, inward-coarsening grain-size variation, coarse-grained interiors, and diabasic texture. The single basalt sills were easily recognized and usually distinguished as individual units. Units 6, 12, 13, 21, and 25 (see Site Summary, this volume) are examples of single basalt sills. Their thickness ranges from a few tens of centimeters to over 50 meters. In some cores, contacts between baked sediment and glass were recovered, but usually the glassy sill margins were not recovered. In the latter case, however, narrow, fine-grained marginal zones were recognized. The sill units exhibit a narrow range of mineralogic and chemical variation, and the thicker ones (5-10 m) invariably contain granophyric schlieren.
A multiple sill is more difficult to distinguish with certainty. In some cases (e.g., Units 33 and 34), where fine-grained to glassy apophyses are present, multiple intrusion, at least on a small scale, can be demonstrated.
On the larger scales, it has been inferred by the presence of alternating fine-grained and coarser-grained units (as in Units 31 and 33), without glassy margins of which recovery was very high in drill core. In such cores, abrupt changes in grain size across horizontal or nearhorizontal contacts are observed. These observations support the interpretation that the units represent multiple intruded sills.
The mode of multiple intrusion from upper parts of sills (e.g., Units 1-5) is characterized by subtle grain size variations, but distinct mineralogical differences between individual units. This type of multiple intrusion may represent sequential emplacements of one magma batch in a series of several smaller batches, whereas the mode of multiple intrusion from the lower part of the complex is characterized by greater differences in grain size and absence of mineralogical differences between the various grain-size domains. Units of this type are associated with units of obvious extrusive character, especially in portions of a thick flow. In some cases, multiple intrusive units of the second type have been included in the unit with basalt flows (e.g., Unit 22), but in other cases they have been distinguished as separate units (e.g., Unit 27). This difference is based on the degree of abruptness in the transition between extrusive and multiple intrusive rocks, so that it is somewhat arbitrary. It reflects our judgment that the multiple intrusive is either a part of a thick flow or a true multipleinstrusive unit.
Pillow basalts show the following characteristics: (1) variable but small thickness (0.3-2 m) of units, (2) thick (up to 4 cm), glassy margins with variable attitudes (dips range from horizontal to vertical), (3) fine-grained throughout, but rarely coarse grained, (4) cooling cracks normal to ubiquitous glassy surfaces, and numerous unoriented cracks in the interior. These characters suggest strongly that these units (e.g., 23, 26, 29, and 34) could have been extruded into sea water or intruded into unconsolidated water-rich sediments just under the sea floor, but they lack some of the characteristics of pillow lava, that is, radial cooling fractures, interpillowed paragonite, regular curved surfaces, and concentric structures. The mode of extrusion of these flows is more like brecciated pillows rather than typical pillow lava.
The upper part of the complex from 564 to 730 meters in Hole 462A has intercalated sills and hyaloclastite sedimentary units, whereas the lower part of the complex, from 730 to 1068.5 meters, consists of basalt sills and pillow basalts, with minor amounts of sediment. The paleontological age of sediments interbedded with the lower part is probably Barremian, whereas the age of sediments interbedded with the upper part ranges in the wider interval from Cenomanian to Barremian. Pillow basalt was first recovered at the boundary between the upper and lower parts. The radiometric age of the upper part is 110 ± 3 m.y. (isochron age), and that of lower part is 131 ± 15 m.y. (total-fusion age; Ozima, this volume). Moreover, from the paleomagnetic data, the paleolatitudes of the hyaloclastic sediments of Ceno-manian age are approximately 30°S and 18°S, respectively (Steiner, this volume). Consequently, there could be a significant time gap between volcanic events.
As discussed above, the sill-pillow complex from Site 462 is divided into 2 types: Type A, 564 to 730 meters: Sill (intruded into hyaloclastic sediments).
Type B, 730 to 1068.5 meters: Sill and pillow complex (alternation of intrusions and extrusions), with minor amount of sediments.
The presence of hyaloclastites supports the suggestion that at least part of the major Nauru Basin volcanic episode was extrusive. Huge concordant injections on land, like the Palisade diabase and Karroo dolerite, also are associated with extrusive lavas of the same age.
BASALT CHEMISTRY
About 130 samples from Hole 462A were analyzed for Si, Al, Ti, Mg, Fe, Ca, and K, and about 15 for Mn and P, using shipboard X-ray-fluorescence (XRF) techniques (Jacques, this volume). In addition, eight samples were analyzed for Si, Ti, Al, Fe 2+ , Fe 3 + , Mn, Mg, Ca, Na, K, P, H 2 O~, and H 2 O + by wet chemical analyses, and Ni, Cr, Co, and S by atomic-absorption spectrometry (Table 1 ). The rocks display a relatively narrow range of TiO 2 , K 2 O, MgO, CaO, and SiO 2 contents, but unusually large variation in the abundance of A1 2 O 3 and FeO in the light of the narrow variation of the other major oxides. There are no significant chemical changes within individual sills, except the granophyre schlieren in thicker sills, so that differentiation which might be SILL AND PILLOW-BASALT COMPLEX caused by minor removal of phenocryst phases during the slow cooling is not apparent.
The chemical compositions of fresh basalts from Hole 462A are plotted in terms of the ratio FeOVMgO versus TiO 2 (Fig. 1 ). On this figure, two types are identified on the basis of differences in TiO 2 content and the FeOVMgO ratio: (1) higher FeOVMgO and richer TiO 2 , and (2) lower FeOVMgO and poorer in TiO 2 . The chemical composition of type A corresponds to the former, and that of type B to the latter. Fujii et al. (this volume) reported that the A-type basalt is enriched in the large cations (Ba and Rb) and high-valency cations (Ti and P) compared to those of the B-type basalt. The fact that the glassy chilled margins of the A type are characterized by microphenocrysts of clinopyroxene, and rare olivine, and that those of the B type are characterized by microphenocrysts of olivine and rare clinopyroxene, is reflected by the difference between the FeOVMgO ratios of the two types. This is apparently explained by differentiation in the magma reservoir. Mazzullo and reported that if the FeOVMgO ratio of a basalt reflects the degree of crystal fractionation of ferromagnesian phases out of primary magma, then a covariation diagram of the FeOVMgO ratio versus TiO 2 (incompatible with fractionating olivine or plagioclase) may be used to compare relative degrees of low-pressure fractionation in abyssal tholeiites, providing clinopyroxene is not an important fractionating phase. If this differentiation is caused by olivine removal, the Ni content of A type must be significantly lower than that of B type. How- Stoeser, 1975) 9 Hawaii, olivine tholeiite (Macdonald and Katsura, 1964) . + Galapagos Ridge (Clague and Bunch, 1976 ). * Juan de Fuca Ridge (Clague and Bunch, 1976) . ©East Pacific Rise (Clague and Bunch, 1976 ever, these are no large differences, in Ni content between the two types (Table 1) , so that this difference is explained by approximately 2% removal of olivine (Fo 84 ; Ni 1100 ppm) from type B. In this model, we can never explain the variation of FeOVMgO ratios between the two types. Therefore, it seems unreasonable that the difference is caused by differentiation, and rather that the original magma of A type is different from that of B type.
In comparison with the FAMOUS glass data (Bryan et al., 1976) and bulk composition and fractionation trends of the Galapagos Ridge and the East Pacific Rise (Clague and Bunch, 1976) , Hole 462A material is characterized by a higher FeOVMgO ratio and lower TiO 2 content (Fig. 1) .
The basalts recovered by drill from the Manihiki Plateau (Jackson et al., 1976) and the Ontong-Java Plateau (Stoeser, 1975) have the same FeOVMgO ratio and TiO 2 content as B-type and A-type basalts, respectively, whereas glass of dredged basalt from the Danger Island Troughs in the Manihiki Plateau (Clague, 1976) is more depleted in TiO 2 (Fig. 1) . MacGregor (1969) reported that the TiO 2 concentration of a eutectic melt in the system MgO-TiO 2 -SiO 2 increases with pressure, and he suggested that the TiO 2 content of basaltic liquids is a function of the depth at which partial melting occurs. From the result of wet chemical and XMA analyses of glass, the basalt from Site 462 is a quartz-normative and strongly hypersthene-normative tholeiite. The Manihiki basalts are also quartz-norma-tive or strongly hypersthene-normative (Jackson et al., 1976; Clague, 1976) .
Experimental evidence (Green and Ring wood, 1967) suggests that quartz-normative and strongly hypersthene-normative basaltic magma can form in equilibrium with wall rocks only at very shallow depths (pressures of 5 kbar or less). Consequently, the chemistry of the Hole 462 basalt (probably also the Ontong-Java Plateau basalt) indicates that the basaltic liquids were generated at shallower depths than ocean-ridge tholeiite, as Clague (1976) supposed for the Manihiki Plateau basalt.
The Hole 462A material is depleted in Na 2 O and extremely depleted in K 2 O compared with ocean-ridge tholeiites such as those reported widely in the DSDP Initial Reports of previous legs, and elsewhere. The majorelement abundance and variation patterns are partly due to alteration, but the content of TiO, Na 2 O, and K 2 O will be increased with continuing alteration, whereas the basalt of Hole 462A is different from a Hawaiian tholeiite, a typical basalt of hot-spot type, in lower K 2 O and TiO 2 content. Fujii et al. (this volume) report that the basalt of Hole 462A is distinguished from normal ocean-ridge tholeiite by its higher Sr 87 /Sr 86 ratio (0.70370 ± 0.00011), and from various oceanic-island basalts by a lower Rb/Sr ratio.
From this evidence, the chemical compositions of the sill-pillow complex from Hole 462A are significantly different from ocean-ridge tholeiite and Hawaiian tholeiite, but very similar to the Manihiki Plateau basalt.
MINERALOGY OF HOLE 462A
From observation of about 300 thin sections, we find that the basalts from Hole 462A are microdolerite, plagioclase-clinopyroxene phyric basalt, and aphyric basalt, with minor amounts of granophyre.
Microdolerite with subophitic texture occurs in the interior of basalt sills (Plate 1, Fig. 4 ) and partly in pillow basalts. Its mineral assemblage is plagioclase, augite, and magnetite, occasionally pigeonite. Pigeonite occurs only in Core 69, Section 2, 68-72 cm. This dolerite is commonly composed of phenocrysts to microphenocrysts of subhedral plagioclase (up to 1 mm, 2-10%) and euhedral augite (up to 0.8 mm, 2-7%), and microlites of subhedral to euhedral plagioclase (<0.3 mm, 30-40%), subhedral augite (<0.4 mm, 30-40%), and angular magnetite (<0.2 mm, 4-8%). Microphenocrysts of skeletal magnetite occasionally are observed. Alteration products such as smectite, chlorite, calcite, zeolite, and pyrite commonly are observed in veins. Several percent of clinopyroxene are usually altered to clay minerals.
Plagioclase-augite phyric basalts with hyalopilitic to intersertal texture occur next to the interiors of basalt sills and pillow basalts. This basalt is composed of microphenocrysts to phenocrysts of plagioclase (up to 1 mm, 1-3%) and augite (up to 1 mm, 1-3%), and microlites of plagioclase (<0.3 mm, 30-40%), augite (<0.3 mm, 10-20%), and magnetite (<0.2 mm, 5-10%), and interstitial glass (30-40%). Microphenocrysts of subhedral plagioclase and augite are scattered in a matrix of glass, together with microlites of subhedral to spherulitic plagioclase, subhedral to euhedral augite, and partly dust-like magnetite. Some alteration products as microdolerite are present in plagioclase-augite phyric basalt.
Aphyric basalt occurs in chilled margins of basalt sills and pillow basalts. The chilled margins of basalt sills are always strongly altered, but fresh, brown, opaque glass layers including some microphenocrysts commonly are observed in the chilled margins of pillow basalts. From the mineral assemblage in the brown opaque glass, two types are identified: a spinel, olivine, and plagioclase type, and an augite and plagioclase type. Augite and plagioclase commonly occur as aggregates. Glass analyses are presented in Table 2 .
Granophyre schlieren occur in interiors of thick basalt sills. Granophyre schlieren are made of phenocrysts of subhedral to euhedral plagioclase (0.5-0.7 mm, 10-15%), subhedral to euhedral augite (1-1.2 mm, 7-15%), and angular, skeletal magnetite (1 mm, 5%), and microlites of euhedral to subhedral plagioclase (<0.4 mm, 30-40%), subhedral augite (<0.4 mm, 30-40%), and angular magnetite (<0.4 mm, 5-8%), together with accessory minerals of quartz-alkali feldspar intergrowth (micropegmatite), kaersutite, and apatite. Kaersutite may have crystallized during a final stage. Large skeletal magnetite occupies the interstices between plagioclase and augite, so it might have crystallized at a later stage, as a result of a drastic change in oxygen fugacity. Veins are commonly filled with chlorite, pyrite, and zeolite. 
Spinel
Spinels are observed only in brown opaque glass layers of pillow basalt of B type. Morphologically, the spinels occur as euhedral octahedra, typically 10 to 30 µm in diameter, reaching a maximum width of 50 µm. Solitary crystals can be found in glass, but most spinels are either included in olivine or attached to olivine rims (Plate 1, Figs. 1 and 2). The analyses were recast in structural formulas on the basis of four oxygens. Total Fe was partitioned between A and B sites as Fe 2+ and Fe 3+ in the proportions required for stoichiometry (Finger, 1972) , yielding an estimation of the amount of ferric ion in the spinel. Representative microprobe analyses of spinels and their structural formulas are presented in Table 3 . The spinels from Hole 462A are characterized by a higher Cr/(Cr + Al) ratio (0.54-0.73) and a lower Mg/(Mg + Fe) ratio (0.49-0.54) ( Table 3) . The TiO 2 contents of the spinels range from 0.5 to 0.7%. Zoning of spinel is observed in Core 62, Section 2, 128-132 cm; a decrease in Cr/(Cr + Al) from core to rim and an increase in Mg/(Mg + Fe 2+ ) from core to rim.
The distinction between the spinels from Hole 462A and MAR is clearly revealed by a compositional plot of Cr/(Cr + Al) vs. Mg/(Mg + Fe 2+ ) (Fig. 2) , and Fe 3 + / (Cr + Al + Fe 3 + ) vs. Mg/(Mg + Fe 2+ ) (Fig. 3) . Sigurdson and Schilling (1976) divided the spinels from MAR into three types: magnesiochromite (Mg > Fe 2+ , Cr > Al), titaniferous magnesiochromite (Mg > Fe 2+ , Cr > ) and Cr/(Cr + Al) ratios compared to the three spinel types from MAR. Also, Hole 462A spinels have a higher Fe 3 + /(Cr + Al + Fe 3+ ) ratio than magnesiochromites and chromian spinels, and are approximately similar to titaniferous magnesiochromites. Titaniferous magnesiochromites occur in olivine basalt with distinctly alkaline affinities. However, basalt from Hole 462A is depleted in alkalis and TiO 2 . Spinels from the Manihiki Plateau also are characterized by a higher Cr/(Cr + Al) ratio (0.68-0.78) (Clague, 1976) . Spinel from the Manihiki basalt with lesser magnesium content (MgO 9 wt.%) has Cr/(Cr + Al) (0.68 avg.) and Mg/ (Mg -I-Fe 2+ ) (0.53) ratios similar to those of spinel from Hole 462A. The FeOVMgO ratio of phenocryst-free glass of the Manihiki Plateau is also similar to that of glass of Hole 462A. Moreover, the Fe 3 + /(Fe 3+ + Al + Cr) ratio and TiO 2 content are very similar to those of Hole 462A spinel.
The glass of spinel-bearing lavas has an FeO*/ (FeO* + MgO) ratio of 0.58 to 0.60 (Table 2) , and a Cr content greater than 150 ppm. The occurrence of spinel in MAR basalt from the Azores region (30-40 °N) is restricted to lavas with an FeO*/ (FeO* + MgO) ratio less than 0.575, i.e., the least-fractionated basalts (Sigurdsson and Schilling, 1976) , whereas spinel-free basalts of Leg 37 range in FeO*/(FeO* + MgO) from 0.54 to 0.60 . In basalts from the Nauru Basin, spinel of lower Mg/ (Mg + Fe 2+ ) ratio was crystallized from liquid of lower FeO*/(FeO* + MgO) ratio.
Olivine
Olivines are observed in the brown opaque glass layer of pillow basalt. The olivines occur as euhedral microphenocrysts (0.1-0.3 mm). Representative microprobe analyses are given in Table 4 . There is no significant compositional zoning in olivine, and its composition is Fo 83 to Fo 84 . The Ni content of olivine is about 1100 ppm on the average. Jackson (1969) and Evans and Wright (1972) have reported that the ratios Mg/(Fe 2+ + Mg) in chromite and olivine are related. Compositions of coexisting olivine-spinel pairs in Hole 462A basalt, Manihiki basalt (Clague, 1976) , Kilauea Iki (Evans and Wright, 1972) , Stillwater (Jackson, 1969) , and MAR (Sigurdsson and Schilling, 1976) are plotted in terms of the Mg/(Mg + Fe 2+ ) ratio in Figure 4 . On this figure, the olivines from Hole 462A basalts have a lower Mg/(Mg + Fe 2+ ) ratio (0.83-0.84) and coexist with spinel of lower Mg/(Mg + Fe 2+ ) ratio compared to olivine-spinel pairs from MAR basalt. In comparison with the olivine-spinel pairs of Kilauea Iki and the Manihiki Plateau, spinel from both regions has a similar Mg/(Mg + Fe 2 + ) ratio; however, coexisting olivine has a higher Mg/(Mg + Fe 2+ ) ratio than olivine from Hole 462A, whereas the spinel which coexists with olivine in the Stillwater basalts has a considerably lower Mg/(Mg + Fe 2+ ) ratio than spinel from Hole 462A coexisting with olivine of similar composition.
Clinopyroxene
Clinopyroxene is the main constituent in both A and B types ( Table 5 ). Trends of pyroxene crystallization of both types are similar, that is, slight Ca depletion with increasing Fe 2+ /(Fe 2+ + Mg) ratio (Fig. 5) . The same trend was noted in the clinopyroxenes in DSDP Leg 11 basalts (Mazzulo and Bence, 1976) . Titanium generally increases with Fe enrichment. This increase is a reflection of the late-stage buildup of titanium in the residual liquid. The decrease in total Al is mainly a consequence of decreasing tetrahedral Al. Phenocrysts of B type are readily distinguished from groundmass clinopyroxenes X Hole 462A, Core 47, Section 3,14-17 cm. ® Hole 462A, Core 48, Section 2, 106-109 cm. Δ Hole 462A, Core 62, Section 2,128-132 cm.
• Manihiki Plateau (Clague, 1976) . by their high contents of Cr 2 O 3 , but, in A type, high-Cr 2 O 3 -content clinopyroxenes are observed only in core of large phenocrysts. Chromium content decreases with increase in Fe 2+ /(Fe 2+ + Mg) ( Fig. 6) . Similar highchromium clinopyroxenes are reported from Leg 15 basalts (Bence et al., 1975) , and Leg 11 basalts (Ayuso and Bence, 1976) . The high-chromium clinopyroxene microphenocrysts from the brown opaque glass layer of the pillow basalt never coexist with chromian spinel. The high concentrations of Cr 2 O 3 in the early-crystallizing clinopyroxene reflect the absence of early-crystallizing chrome spinel, which would very rapidly deplete the melt in Cr 2 O 3 .
Clinopyroxene in glass of Core 69, Section 2, seems to be a liquidus phase (Plate 1, Fig. 3) . Experimental investigations on several ocean-ridge tholeiite compositions (Kushiro and Thompson, 1972) indicate that clinopyroxene can be a liquidus phase at pressures greater than about 9 kbar, and possibly at pressures as low as 5 kbar in the presence of a small (< 1 %) amount of water. The latter condition seems to be compatible with the shallow emplacement suggested by bulk chemistry.
Pigeonite occurs in sill interiors of type B as microphenocrysts. The Cr 2 O 3 and A1 2 O 3 contents are much lower than those of augites. The temperature at which pigeonites crystallize is calculated to be more than 1160°C, based on the pigeonite composition (Ishii et al., 1979) .
Plagioclase
Plagioclase are main constituents in both A and B types ( Table 6 ). Phenocryst plagioclase of B type (An 82 ) is more calcic than that of A type (An 70 ). At about An 64 _ 66 , the Fe/(Fe + Mg) ratio increases and magnesium decreases markedly ( Figs. 7 and 8) . The decrease in magnesium may be related to clinopyroxene crystallization. Iron continued to rise in plagioclase up to 1.1 wt. % at a late stage (Fig. 8) , reflecting its increase in the liquid. On the basis of petrography, bulk chemistry, and major-and minor-element variations, the following overall mineral paragenesis is indicated in both A and B types: A type: plagioclase -plagioclase + pyroxeneplagioclase + pyroxene + magnetitehornblende + biotite + quartz + alkali feldspar + titanomagnetite + (sulfide) Btype: olivine + spinel -olivine + plagioclase \ chromium-rich pyroxene / + plagioclase + pyroxene -pyroxene + plagioclase + magnetite -hornblende + biotite + quartz + alkali feldspar + titanomagnetite -I-apatite + (sulfide)
VOLCANISM IN NAURU BASIN
The sill and pillow-basalt complex is widespread in the Nauru Basin, based on the seismic data (Voyages of Kana Keoki 1977; Hakurei Maru, 1977; and Glomar Challenger, this volume) . The acoustic nature of the complex is characterized by low-frequency sets of smooth reflectors. The thickness of the complex may be more than 0.4 sec in two-way reflection time, estimated at more than 700 meters. The thickness of A type is less than 200 meters, and that of B type is more than 500 meters. Houtz (1976) and Houtz and Ludwig (1979) reported the seismic properties of the South Pacific Basin (including the Nauru Basin). They discussed the east-west-trending distribution of a reverberant subbottom layer, which might be composed of calcareous or volcaniclastic sediment. After Leg 61 drilling, it is clear that the reverberant layer in the Nauru Basin could be the volcanic complex. Such low-frequency sets of smooth reflectors are known in the Caribbean Sea Hole 462A, Core 62, Section 2, 128-132 cm. Manihiki Plateau (Clague, 1976) . (Talwani, Windisch, et al., 1977) and the western flank of the Atlantic Ocean (Grow and Marble, 1977) .
The intraplate volcanism in the Nauru Basin represents a voluminous outpouring of magma without edifice-building. It is unclear from the seismic data whether lavas were fed from numerous extensive fissures or vents in the Nauru Basin. However, we may judge that they were from the fact that continental plateau basalt fissure eruptions generally produce much larger volumes than eruptions from localized vents. Also, the rocks from fissure eruptions are generally quartz-normative tholeiite, whereas those from vents are alkalic (Kuno, 1969) . Thus, it is concluded that the lavas might be fed from numerous fissures.
The chemical composition of the Nauru Basin basalt is significantly different from that of ocean-ridge tholeiites. Furthermore, the composition is distinguished from a Hawaiian tholeiite of typical hot-spot type, and from seamount basalts. Basalts with similar composition are recovered from the Manihiki Plateau and the Ontong-Java Plateau; they are characterized by a higher FeOVMgO ratio and lower TiO 2 content, and 0.80 0.85
Mg/(Mg + Fe 2+ ) in Olivine
x Hole 462 A, Core 47, Section 3, 14-17 cm. <s Hole 462A, Core 48, Section 2, 106-109 cm. * Hole 462A, Core 62, Section 2, 128-132 cm. oManihiki Plateau (Clague, 1976) . , Kilauea (Evans and Wright, 1972) , and Stillwater (Jackson, 1969) are also plotted. they contain normative quartz and hypersthene. We propose a new name for this characteristic group of basalts-ocean-plateau tholeiite. As discussed above, ocean-plateau tholeiites may originate from shallow depths (< 5 kbar). The melting anomaly which produces such a huge volume of volcanic rocks in the Nauru Basin may cause lithospheric thinning and thickening of the lower crust, thus causing buoyant ocean floor. There were two intraplate volcanism episodes in the Nauru Basin. The younger volcanic event, characterized by A type, occurred in the Cenomanian to Albian, whereas the older volcanic event, characterized by B type, took place in the Barremian to Valanginian. The lithologic difference between A and B types is explained by the following hypothesis: A-type volcanics, which occur as intrusions, form under conditions of less tension, so that magmas are trapped in shallow reservoirs for longer times of fractionation; B-type volcanics, which occur as extrusives and intrusives, form under tensional conditions, so that there is no time for fractionation. There is a compositional variation in A-type basalts. The degree of fractionation of olivine can be estimated approximately from the NiO content and the Mg/(Mg + Fe*) ratio of the magma, because olivine effectively removes Ni and Mg from magma. However, there is no significant Ni variation in A-type basalt. The TiO 2 content of most calcic clinopyroxene from A type is up to 0.5 wt. %, less than that of A-type basalt. If the primitive magma contained about 1% TiO 2 , the variation of the FeOVMgO ratio and TiO 2 content might be explained by low-pressure fractionation of clinopyroxene with a small amount of water.
The temperature estimate based on the distribution coefficient for the partitioning of iron and magnesium between olivine and coexisting liquid (Roeder and Emslie, 1970) is approximately 1215°C. The Fe 2+ of coexisting liquid is calculated by using a glass atomic ratio Fe 3 + /(Fe 3+ + Fe 2+ ) of 0.1, which is the minimum observed in oceanic-ridge basalt (Miyashiro et al., 1969) , whereas the temperature estimate obtained by using pigeonite composition (Ishii et al., 1979) is more than 1160°C. Winterer (1975) indicated that the Manihiki Plateau and Ontong-Java Plateau are ridges abandoned about 105 m.y. ago, in relation to the southward shift of the triple junction of the Pacific, Farallon, and Antarctic Plates, because areas of voluminous mantle melting usually occur near lithospheric triple junctions. However, the basalts from the Nauru Basin, the Manihiki Plateau, and the Ontong-Java Plateau are chemically different from ocean-ridge tholeiite. Consequently, ocean-plateau volcanism, which forms ocean plateaus or huge sill and pillow-basalt complexes, is distinguished from ocean-ridge tholeiite and hot-spot tholeiite by its chemical composition and its wide distribution. The magma might be generated at a shallow melting anomaly with considerable tension. It is thus assumed that the complex is not formed at a normal oceanic ridge. Normal oceanic basement could therefore underlie the sill and pillow-basalt complex in the Nauru Basin. (Clague, 1976) . 100µm Figure 2 . Hole 462A, Core 47, Section 2, 46-50 cm; spinel attached to olivine. Figure 3 . Hole 462A, Core 69, Section 2, 69-72 cm; clinopyroxene and plagioclase aggregates in glass layer of pillow basalt. Figure 4 . Hole 462A, Core 74, Section 4, 25-31 cm; subophitic texture in the center of a thick sill (crossed nicols).
